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Abstract—Early and intensive physical therapy can improve upper arm and hand functionality for stroke survivors. Virtual reality systems that utilize state-of-art natural user interface tracking sensors and adaptive user profiling software has the potential to supplement traditional physiotherapy and engage patients to sustain beneficial quantity and quality of rehabilitation. In this paper we provide an overview of the problem area and present results from an initial experiment with healthy users. The potential for Fitts’s law to model user motion effectively in reach and touch tasks within 3D virtual environments is investigated. Results indicate that Fitts’s law may be effective though we propose that it would best be used as part of a more complex model of user motion.   
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I.	 Introduction
Rehabilitation is capable of improving arm function during early and later phases of stroke recovery and as such can help survivors with activities of daily living. However, effective therapy must be intense and requires the continual repetition of relevant functional tasks [1]. This approach is thought to reduce muscle weakness and forms a physiological basis for motor learning [2]. Virtual Reality (VR) can provide patients with a fun interactive environment, in which they can be guided to maintain high quality and intensive physiotherapy. VR and games have been shown to be beneficial in improving upper limb function and active daily living when used as an adjunct to usual care or when compared with the same dose of conventional therapy [3]. 
We developed a VR system called TAGER as a 3D reaching and pointing exercise system for upper limb rehabilitation to achieve the above goals. A core component of TAGER is the Leap Motion which tracks hands and TAGER also enables the wearing of an Oculus Rift (VR headset). In this paper we present the results of an experiment with healthy users to evaluate the effectiveness of Fitts’s law [4] and 3 other popular variants for modelling movement performance in 3D virtual environments using a Leap Motion to track hand motion. 
II.	Results
Fitts’s law provides an established model to profile user’s motor skills by relating the time (MT) to reach and touch a target, to a target’s size (W) and distance (D) from an origin (1), where the logarithmic element of the equation is known as the “Index of Difficulty” (ID). Fitts’s law has also been shown to be applicable to stroke survivors [5].
		(1)






Figure 1. 	Regression line from our data for 4 variants of Fitts’s Law.
Twenty three healthy subjects were recruited and participated in the experiment. The experimental process began with an induction phase that included a 10 minute training period. This was followed by 10 x 2 minute trial levels of the system with and without the VR headset and with variation in visual cues. A participant proceeded by pressing a virtual start button to make an icosahedron appeared in the virtual environment. They then reached out their hand to touch and collect the object, pressing the start button to repeat 108 times per level. Only one object appears at a time (sizes of objects varying between 2, 3.5 and 5cm) and they were placed randomly at one of 27 locations above the Leap Motion sensor (at all extremities of the cubic sensor space and all mid-points between). Figure 1 shows the lines fitted to the data via linear regression for 4 well known forms of Fitts’s Law. Murata’s 3D equation (4) provides y-intercept values ranging from 196 to 363, which are more representative of human movement response (typically 200 to 300 ms). It also provides a more gradual gradient giving a more appropriate model of MT against ID. Thus, while all four equations provide similar results, we focus on Murata for further analysis.
TABLE I. 	Sample user statistics (Murata’s 3D model)
User ID	1001	1002	1009	1013	1019	1023	1026




















Data from seven out the twenty-three participants provided a poor fit to the model based on start task motion data. Data after the end session from five participants had a poor regression fit, though two of these participants were different from the seven identified from the start data. These two people may have been overly tired or bored, rather than being incapable, highlighting the need for intricacy and careful analysis of the profiles. To consider this further it is necessary to examine a few representative individual user profiles (Table I). User 1026 is an informative example, who started well with a successful profile but whose hits and mean MT declined significantly during the end task. Despite having residual statistics during the end task that show less variability (indicating more effective target acquisition for a significant number of targets), score actually decreased, while skew and kurtosis both increased (suggesting more overshooting of the target), and R2 and the associated P-value suggested an unreliable regression fit (possibly due to an increase in outliers). 1026’s mean MT dropped by a 23.96%, which suggests, with respect to the profile context, that during the end task this user may have adopted a high-risk strategy. This is in contrast to 1019, who appears to have become more conservative, and by moving slower (13.64% increase in mean MT) improved their hit score by 12.82%. This considered approach by user 1019 and other participants seems to improve the likelihood that the user motion data corresponds to Fitts’s law (and variants). User 1002 had the weakest start having the lowest number of hits in the initial task but improved hit performance by 50% and mean MT by 31.59%. However, even by the end task this user’s motion could not be applied to Fitts’s law reliably and they had less than a 50% hit success rate in the final task. User 1023 exhibited arguably the most sustained success, having the highest overall hit success and start and end scores of 90 and 91 respectively and overall an improved profile (based on regression values). As with user 1019, 1023 is not particularly fast but improved speed over the experiment. Three participants got slower over the experiment and all of these achieved higher scores in doing so. Five participants got lower hit scores and all of these but one had much less adequate regression fit and three of these exhibited faster mean MTs. Further investigation is required to understand whether users with these profiles exhibit a decline of interest – the tasks were repetitive and several of these participants were quite skilled at the tasks – or due to mental/physical fatigue. 
III.	Conclusion
We investigated the use of various forms of Fitts’s law to model user motion of reach and touch tasks in a 3D environment. Examining the fit of the Fitts’s law model we found it possible to characterise user motion with the Leap Motion sensor for a range of setups including the use of a VR headset. Nonetheless, the variance across the regressed line is quite high and Fitts’s law should not be applied as a simple linear model of user motion equally to all users. We suggest that a form of Fitts’s law, e.g. Murata’s 3D version, could be used as part of an intelligent system to profile users. However, we found a few users who did not fit the pattern. Some users required more training than expected while others appeared to become tried or bored. A more complex profiling system helps to identify training requirements and distinguish between loss of interest and mental or physical fatigue. We will develop the profiling system with further experiments and subsequently investigate the system with impaired users and enhanced personalized environments.
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